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The high extinction risk of freshwater species is, seemingly paradoxically, explained in large part by the very feature that has created such diverse systems: habitat isolation. Freshwater environments are embedded in a terrestrial landscape that strongly restricts the movement or dispersal of aquatic organisms (e.g., amphibians, fishes, large crustaceans, mollusks), including those with aerial adults (insects) or resting stages (small crustaceans). Even where habitats are connected hydrologically in stream and river networks, individuals are often limited in their ability to move upstream and downstream because natural Climate Change and Freshwater Fauna Extinction Risk 311 biophysical features pose barriers (e.g., Pringle, 2003) . For example, large rivers generally act as movement barriers for species inhabiting headwater streams. In the face of rapid climate change, freshwater species will be challenged to move freely through river corridors to find more favorable habitats. This challenge is greatly exacerbated by human disruption of hydrologic connectivity through extensive construction of dams. Species that are unable to move will be challenged to either tolerate changing local environmental conditions or possibly genetically adapt to them (Poff et al., 2002; Allan et al., 2005) .
The current global freshwater biodiversity crisis (Dudgeon et al., 2006; Strayer and Dudgeon, 2010) stems from many types of human activity: severe alteration of natural runoff patterns, fragmentation of river corridors by dams, increased addition of sediment and nutrients from poor land use practices, and introduction and spread of harmful nonnative species. Climate change is expected to intensify the threats to freshwater fauna, although it will be difficult to identify the in-I creased risk specifically attributable to climate change versus other forms of anthropogenic global change (Sala et al., 2000) . The challenge of doing so is further complicated by recognition of another key feature of freshwater ecosystems: species vulnerability has a regional [ context. Geographic variation in climate change will induce regionspecific thermal and hydrologic deviations from recent historical climatic conditions. This, combined with regional variation in species richness, in species sensitivities to climate deviations and in habitat fragmentation, requires regional-scale analysis of vulnerability. For example, tropical species have evolved under more constant thermal regimes compared to temperate species, and thus they may be more sensitive to a unit increase in temperature (e.g., Deutsch et al., 2008; Tewksbury et al., 2008) . Beyond the modeling challenges of regional-scale projections of climate change and species vulnerability, there is added uncertainty associated with human responses to climate change. Freshwater systems are already heavily impacted by human activities (Malmqvist and Rundle, 2002; Allan, 2004; Palmer et al., 2008; Vorosmarty et al., 2010) , and the manner by which human societies respond or adapt to climate change through water development and management will bear strongly and directly on species extinction risk (Poff, 2009; Strayer and Dudgeon, 2010) . Strategic, proactive management actions by humans will increasingly be recognized to be of paramount importance to sustaining freshwater diversity in a rapidly changing world.
Inability of Current Modeling Frameworks to Predict Global Freshwater Extinction Risk
Developing models to forecast extinction risk for individual freshwater species or groups of species is still in its infancy and suffers from significant knowledge gaps. To date, modeling approaches fail to capture the fundamental aspects that define freshwater vulnerability: highly dispersal-limited species living in linear, dendritic landscapes characterized by numerous natural barriers and human-caused fragmentation. Moreover, existing models are based on the (often implicit) assumption that the current distributions and abundances of aquatic species are in equilibrium with some largely static set of environmental conditions, whether in space or time. In this view, species themselves are typically assumed to show no variation across spatial or temporal gradients and to occupy a fixed niche space that cannot dynamically respond or adapt to changing environmental conditions. Aside from simple extrapolation of current trends (e.g., Riccardi and Rasmussen, 1999), two general types of models have been used to estimate extinction risk in fresh waters. First, species-area modeling is based on the universal statistical relationship between area sampled and number of species observed. A regression on many paired observations of area (catchment size, lake area, or river discharge, lake volume) and species tallied yields a relation that is often applied at broad geographic extents across multiple basins-for example, Australia (Poff et al., 2001) or globally (Xenopolous et al., 2005) . This relation has been used to predict the numbers of species that would become vulnerable to extinction if specific flow reductions were to occur under future climatic conditions or human activities (e.g., Xenopoulos et al., 2005; Xenopolous and Lodge, 2006) . These models, although appealingly simple, suffer from important limitations stemming from underlying equilibrial assumptions and scale-dependence (see Botkin et al., 2007; McGarvey and Hughes, 2008) . For example, the underlying assumption of an "equilibrium" between area and fish richness is violated by the fact that in many rivers the total number of species has increased greatly in recent history due to the spread and establishment of nonnative species, generally without concurrent extinction of native species (Leprieur et al., 2008) . Further, these relationships typically are based on static environmental measures (catchment size, mean annual discharge) that fail to capture seasonal dynamics that may act as bottlenecks on species richness. For Climate Change and Freshwater Fauna Extinction Risk 313 example, intermittent Australian streams have much lower fish richness than do perennial streams of similar catchment size, probably due to high variation in runoff including stream drying that creates extinction-colonization cycles (Poff et al., 2001 ; see also Angermeier and Schlosser, 1989) . Similarly, rivers of similar catchment area may support fewer top vertebrate predator species if seasonal drying is part of the river's natural flow regime (Sabo et al., 2010) .
A second modeling approach uses climate change predictions to evaluate how species ranges will shift with climate-induced modifications to the environment. So-called bioclimatic models presume that the geographic range of a species can be effectively defined in terms of a small number of climatic variables, most prominently temperature and precipitation. These models have been used widely to predict the spread of invasive species in the terrestrial and aquatic realm, and they are now being used to project how native species ranges may shift with climate change (see Jeschke and Strayer, 2008 for a thorough review).
Bioclimatic models are subject to criticism of limited biological realism. For example, they assume that biotic interactions are unimportant in setting a species' range and that species have fixed niches not subject to change under novel selection regimes, despite some recent evidence to the contrary (Broennimann et al., 2007; Pearman et al., 2008) . More subtly, when applied to native species, these models predict many "unoccupied" locales where environmental conditions are suitable but the species does not naturally occur, because species are unable to move or disperse to these favorable habitats. Failure to incorporate species ability to move along and across river networks of varying connectivity will continue to limit the value of these models to predict extinction risk for native freshwater species (Jeschke and Strayer, 2008 conditions, and resilience, or a species' ability to cope with the change (cf. Dawson et al., 2011) . This vulnerability can be ameliorated or exacerbated by the human response to climate change. Figure 17 -1 captures the general conceptual model that summarizes the major components of this framework, which we discuss more fully below.
Extrinsic Exposure to Climate Change: Importance of Regional Context
Patterns of precipitation and temperature, which act as environmental drivers for freshwater ecosystems, vary substantially from region to region, reflecting geographic variation in recent historical climatic patterns. Geographic projections of changes in air temperature and precipitation also bear a strong regional signature, as shown in figure  17 -2 for the continental United States. Streamflow is an integrated response to temperature and precipitation, and it likewise shows a strong regional signature in projected deviations from contemporary conditions ( fig. 17-3) . Clearly, the extrinsic exposure of species to climate change has a strong regional context.
Water temperature regulates organismal bioenergetics and population size and ultimately sets the geographic limits to a species' range (Magnuson et al., 1979; Vannote and Sweeney, 1980; Caissie, 2006) . Modeled future changes in water temperature suggest extensive local extirpations and potential range shifts for many species. For example, coldwater fish species (e.g., salmon, trout, char) in North America are projected to suffer substantial reductions in thermally suitable habitat with climate warming (see Mohseni et al., 2003 ; also Eaton and Scheller, 1996; Rahel et al., 1996; Wegner et al., 2011) . For aquatic insects, whose development and maturation depend on annual thermal conditions, Sweeney et al. (1992) estimated a northward shift in preferred thermal regimes for some species of 422 kilometers (262 miles) for a 4-degree Celsius increase in air temperature. These kinds of studies do not address species extinction risk per se, but they suggest that extinction risk is high for species having limited range, low thermal tolerance, and limited dispersal ability.
Changes in precipitation will translate into altered hydrologic regimes in streams and rivers and inflows to wetlands and lakes. Temporal variation in the magnitude, timing, duration, and frequency of hydrologic extremes (floods, low flows) act as ecological bottlenecks to exert strong selective force on organisms and shape species adaptations and abundance (Poffet al., 1997; Lytle and Poff, 2004) . Ecologically distinctive types of flow regimes vary geographically with prevailing climatic and geologic controls on runoff. Examples in the United States include predictable spring flood snowmelt-dominated systems in the montane West, stable groundwater-fed systems in limestone or glaciated geologies, and flashy, unpredictable rainfall-dominated systems that can be perennial or seasonally intermittent in humid or desert regions (Poff, 1996) . The amount and timing of runoff can also directly influence the extent to which spatially separated habitats are connected to one another (Pringle, 2003) . A change in precipitation regime can modify connectivity within river networks, for example, by shifting perennial streams (or stream segments) to intermittent ones (Seager et al., 2007) that fragment habitat and disconnect populations of aquatic organisms.
Intrinsic Sensitivity of Freshwater Fauna: Species Traits That Influence Vulnerability to Climate-Induced Extinction
Species differ widely in their sensitivities to environmental change based on intrinsic traits that determine their ability to accommodate local environmental change. Unfortunately, the sensitivities of most freshwater species to environmental conditions are poorly known. It is, however, possible to group species broadly according to key biological attributes (traits) that reflect relative sensitivity to altered thermal and hydrologic regimes. Given the tremendous diversity of the freshwater fauna, a species-specific focus is infeasible for estimating global extinction risk, so a traits-based approach for taxonomic groups is appealing. We are now just beginning to understand how species traits relate to different stages of the extinction process (rarity, extirpation, and extinction) and how these traits respond to individually and interactively different sources of environmental change (see Olden et al., 2008) . In principle, many sensitivity traits could be selected; here we identify four that are particularly important in assessing vulnerability and can be attributed to many taxonomic groups.
ENVIRONMENTAL TOLERANCE
A species' tolerance for a wide range of environmental conditions, or to environmental extremes, is likely to be a key predictor of its sensitivity to rapid climate change. For example, in the temperate zone, cold-adapted species appear to be more sensitive to warming than warm-adapted species (see Morgan et al., 2001) . Thermal tolerance attributes have been described for various temperate freshwater groups, such as fish (Eaton and Scheller, 1996; Frimpong and Angermeier, 2009 ), aquatic insects Yuan, 2006) , and groundwater crustaceans (Issartel et al., 2005) . Likewise, species inhabiting hydrologically stable habitats are more sensitive to imposed hydrologic variation than are species living in hydrologically variable environments (Poff and Ward, 1989) . Species tolerant of more variable (disturbed) habitats have traits suited for resisting and recovering from disturbance (rapid reproduction, high mobility, trophic generalization, etc.; seeTownsend, 1989). Tolerance may be correlated to other sensitivity traits. For example, broadly tolerant species often occur over a broader geographic extent, and because they can accommodate greater variance in environmental conditions, they would be expected to have greater opportunities to disperse to more favorable environments as local environmental conditions change. By contrast, species with narrow tolerances are often localized in their distribution (small range size), although they can, in principle, be widely distributed habitat specialists. Two examples are some groundwater species that occur in relatively narrow thermal limits in geographically disjunct aquifers (Issartel et al., 2005) , and aquatic insects with isolated populations restricted to small streams in montane alpine zones .
DISPERSAL ABILITY
Another key trait that will influence a species' extinction risk is its ability to move (disperse) through river networks or across the terrestrial landscape to locate suitable habitats when local conditions become unfavorable. Freshwater species possess either a solely aquatic lifestyle (all life stages) or an amphibiotic one (including a terrestrial phase, characteristic of most amphibians and aquatic insects). Although we have limited knowledge of dispersal ability for most species (Bohonak and Jenkins, 2003) , some generalizations are possible.
For example, species that are strong fliers as adults (e.g., insects such as odonates, some beetles, and some stoneflies) or are passively dispersed (some small crustaceans and mollusks) readily cross drainage divides within a continent. Strong aerial dispersers will be less sensitive to rapid environmental change than weak dispersers, because Climate Change and Freshwater Fauna Extinction Risk 319 they can selectively colonize most favorable habitats across broad geographic extents (e.g., Bonada et al., 2007) .
By contrast, large unionoid mussels, groundwater crustaceans, and large-bodied aquatic species (e.g., fish, crayfish) largely depend on connected waterways of suitable quality to move among drainages and extend their range. Where there are barriers, natural or human-caused, ability to move will be restricted.
GENETIC ADAPTATION
Accommodation of freshwater species to new environmental conditions could occur via either phenotypic adjustment or selection for heritable genetic variation within a species (Ghalambor et al., 2007) . In general, our understanding of the genetic basis for freshwater species adaptation to changing environmental conditions is poor (Hughes et al., 2009) , and there is limited firm evidence for genetic adaptation to specific environmental regimes (Lytle and Poff, 2004; Lytle et al., 2008) . Many examples exist of interpopulation differences in character states that could be either phenotypic or genetically based. For example, the generation time for some aquatic insect species varies with local thermal regime (Ward and Stanford, 1982) . Hassall et al. (2007) found that odonate species have advanced their timing of emergence coincident with climate warming over the twentieth century, although it is not clear if this is a phenotypic or genotypic response. For fish, Blanck and Lamouroux (2007) examined trait variation for wide-ranging European fish species and found large among-population variation in growth rate, mortality rate, and length of breeding season, but not in fecundity and body size. It is possible that geographically variable traits offer some opportunity for genetic response to climate change, and more efforts to document such trait variability could advance our ability to project species extinction risk (see discussion in Ghalambor et al., 2007) .
RANGE SIZE AND/OR POPULATION SIZE
The range size of a species is a potential indicator of its vulnerability to rapid environmental change. In general, species with smaller geographic ranges are expected to be more vulnerable to global extinction under rapid environmental change, due to limited ability to withstand stochastic environmental and demographic fluctuations (Lawton and May, 1995) , as has been shown for fish (Angermeier, 1995) . Such species are often characterized by small population size, which further increases extinction risk.
Our knowledge of most freshwater species' ranges is incomplete (Heino et al., 2009) , although some taxa such as fish are reasonably well described (e.g., Lee et al., 1980; Leprieur et al., 2008) . Information gleaned from published sources is summarized in figure 17-4 , which shows the distribution for selected taxa in North America based on the number of US states and Canadian provinces (unadjusted for area! extent or latitudinal range) in which they are known to occur. In some poorly dispersing groups (like prosobranch snails, crayfish, capniid stonefiies), the majority of species are restricted to just one or two states (and typically with a restricted range within a state). Groups with stronger dispersal ability generally have broader geographic ranges; these include odonates, fish, pulmonate snails, and small sphaeriid bivalves (which can be passively dispersed), but some species with small ranges are also included. Species with large ranges might be presumed to be at lower risk, especially where a large latitudinal range is encompassed, but these broadly distributed species dominate just a few groups.
For a few taxa, such as freshwater fish, a relatively good understanding of sensitivity to environmental conditions allows some assessment of risk associated with contemporary human activities and with future climate change. Figure 17 -5, which illustrates three such indicators for native fish species in the United States, makes clear that species sensitivity varies regionally. "At risk" species are of most concern in the Southeast and Southwest; thermally sensitive cool-and cold-water species occur mostly in the colder climates of the montane West and northern tier of states; and small-bodied species (indicative of small home-range size and/or relatively poor dispersal ability) are most prevalent in the most southerly states. These maps, when considered with regional exposure to climate change (figs. 17-2 and 17-3) and with landscape resilience, suggest significant regional variation in vulnerabilities offish faunas to climate change.
Freshwater Resilience: Habitat Connectivity and Human fragmentation of Riverine Corridors
Although resilience could be considered solely an attribute of the species (e.g., genetic adaptation), here we consider resilience more Pulmonate snails (153) FIGURE 17-4. Range sizes (expressed as the number of US states and Canadian provinces where the species is known to occur) for native species belonging to selected groups of North American freshwater animals. The number of species in each taxonomic group for which data were available is given in parentheses. Because of widespread extirpations of unionoid mussel populations, the data for this group exclude states and provinces from which the species has already been extirpated. Data for fish include diadromous as well as purely freshwater species. Because of incomplete distributional information, data for capniid stonefiies may underestimate range sizes. Data from NatureServe (2009) and Mackie (2007) .
If
At-risk species (#) FIGURE 17-5. Maps of three measures of sensitivity of freshwater fish species for sixth-level Hydrologic Unit Codes across the continental United States. Sensitivity was characterized as (A) the number of highly imperiled and imperiled fish species according to the conservation ranking of NatureServe (Gl and G2 categories), (B) the percentage of native species exhibiting a temperature preference for cold or cool waters (less than 26 degrees Celsius), and (C) the percentage of native species with a maximum body length of less than 10 centimeters (3.9 inches) total length (termed small-bodied species). We assume that increasing values of these three metrics reflect more vulnerable catchments to the impacts of climate change due to greater numbers of at-risk species, more species sensitivity to future warming trends (thermal guild), and more restricted ability to disperse to more favorable habitats (body size).
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broadly as a feature of the landscape, namely the connectivity of aquatic habitats that can allow species the opportunity to move to more hospitable habitats as local conditions change. The insular nature of freshwater systems and the associated strong dispersal limitation of many freshwater species implies that many of these species are vulnerable to extinction risk from rapidly changing environmental conditions. Therefore, the connectivity among suitable habitats is a critical element of species resilience to climate change. The degree of natural connectivity of aquatic habitat in an area can be represented in various ways, one of which is the density of stream channels in a region. More surface water indicates not only total aquatic habitat, but also reduced overland distance among similar habitats. This can be especially important for species living in small, headwater streams and having limited ability to disperse overland (Finn et al., 2007; Hughes et al., 2009) . Drainage density thus represents a natural source of resilience for freshwater species, and it varies greatly at regional scales within the United States, largely reflecting patterns in annual precipitation along an arid-humid gradient ( fig. 17-6A) .
Basin orientation and altitudinal range also influence species resilience to climate change. For example, basins with little topographic relief and with an east-west orientation, such as in the US Great Plains, provide minimal opportunity for aquatic species to escape increasing temperatures (Matthews and Zimmerman, 1990) . Similarly, coldadapted species in alpine streams may have limited thermal refuge as temperatures warm (Poff et al., 2002; Hering et al., 2009 ). By contrast, north-south-oriented basins provide greater resilience. As an example, during Pleistocene glaciation fishes in North America moved southward ahead of advancing ice sheets and recolonized in the North as the glaciers retreated, but in Europe the Alps offered no southern refuge and many fish species became extinct (Mahon, 1984; Oberdorffetal., 1997) .
Humans have dramatically increased the insular nature of freshwater habitats in the last one hundred years by erecting tens of thousands of large dams and millions of small structures globally. These structures not only fragment river drainages and interrupt upstreamdownstream connectivity (Jackson et al., 2001; Nilsson et al., 2005) , but they also homogenize regional variation in climate-driven streamflow dynamics (Poffet al., 2007) . In the United States the fragmentation of rivers has been dramatic, as illustrated in figure 17-6B. Populations of many freshwater species that were potentially connected via dispersal in recent historical times now occur as isolated subpopulations, which have an increased risk of local extirpation (Winston et al., 1991) . The effects of human-caused fragmentation of freshwater systems on dispersal rates of species that move solely through river channels (e.g., fish) have scarcely been studied. But simple metapopulation models suggest that the freshwater biota might be subject to a very large extinction debt from this fragmentation (Strayer, 2008) , and Climate Change and Freshwater Fauna Extinction Risk 325 there is some evidence that highly fragmented populations have high extinction rates (Pagan et al., 2002) .
Vulnerability of Freshwater Species to Regional
Climate Change
Exposure to climate change, combined with species sensitivity and landscape resilience, generate vulnerability to extinction. As stated earlier, we have many knowledge gaps about species-level sensitivities, although some major freshwater faunal groups can be categorically separated from one another to make qualitative distinctions in extinction vulnerability. Table 17 -2 presents a general summary of relative vulnerability of particular faunal groups, showing how possession of particular species traits makes these groups differentially vulnerable to rapid climate change. Figure 17 -7 presents a general conceptualization of species vulnerability in terms of exposure, sensitivity, and resilience. Species tolerance to varying environmental conditions can be envisioned as ranging from broad (eurytopic species) or narrow (stenotopic species), and species dispersal (movement) ability from strong to weak. Strongly dispersing species are able to move across the terrestrial matrix, whereas weak dispersers comprise both species with limited overland movement (e.g., amphibians, some insects) and those solely reliant on movement through water (e.g., fish and many mollusks and crustaceans). For the purposes of this illustration, other aspects of sensitivity can be considered to co-vary with these two dimensions. For example, potential for genetic adaptation can be viewed as functionally similar to environmental tolerance, so adaptable species would show a similar response as eurytopic species. Likewise, species with small ranges or population sizes would be expected to show a similar response as weak dispersers.
Tolerant (eurytopic) species ( fig. 17-7A) show relatively low vulnerability along the exposure axis, because they are able to tolerate changing conditions. With increasing exposure, tolerances can be exceeded, but the ability to move to colonize suitable new habitats will reflect innate dispersal ability coupled with the extent of landscape fragmentation. So, for example, weak dispersers in highly fragmented landscapes would be more vulnerable than strong overland dispersers, which would show relatively low vulnerability. general framework with specific elements that need to be better understood and captured to ensure credible modeling estimates. Despite the limitations of current models to robustly forecast extinction risk for freshwater species, we are highly confident that freshwater extinction rates due to climate change in the twenty-first century will equal or exceed that of most terrestrial systems given the exceptionally high background (nonclimate) rates (Riccardi and Rasmussen, 1999) . With perhaps tens of thousands of freshwater species currently at risk of extinction (Wilcove and Master, 2005; Strayer, 2006 ) on a global scale, we can reasonably expect many thousand species to be lost as temperatures warm and precipitation regimes become more variable. These atrisk species belong to particularly vulnerable groups, as characterized by a variety of biological attributes (sensitivity traits) and narrow habitat requirements (table 17-2). However, as we have emphasized, the ultimate vulnerability of even these most sensitive species will depend on resolving some key questions: What is the geographic range of the species? What is the projected exposure to climate change across the geographic range? What degree of connectivity is there among suitable (or transitional) habitats that will allow movement during climate change? Additional challenges are posed by considering how climate-induced changes in species interactions (Sala et al., 2000; Van der Putten and Visser, 2010) and in the spread of invasive species (Rahel and Olden, 2008) will further exacerbate extinction risk for freshwater species.
To better characterize species vulnerability, we argue that a traitsbased approach holds much promise because we cannot hope to assemble adequate information for every species (e.g., Angermeier, 1995; O'Grady et al., 2004; Olden et al., 2007 Olden et al., , 2008 . Species sensitivity is likely to be related to particular traits, which can be broadly ascribed across many freshwater taxa (table 17-2). Lumping species according to trait sensitivities can allow rough estimates of extinction vulnerability to be made, once these are placed in context of region-specific temperature and hydrologic change and landscape fragmentation.
The challenge in this approach is to identify traits that can be linked directly (mechanistically) to climatically driven environmental changes, that can be measured, and that can be generally applied at regional to global scales. This will require advances in current approaches to quantifying trait characteristics of species, as has recently been undertaken by the International Union for Conservation of Nature for some well studied groups, including birds, amphibians, and reefClimate Change and Freshwater Fauna Extinction Risk 329 building corals (see http://www.sciencedaily.com/releases/2008/10/ 081013142545.htm). Traits are generally attributed to whole species, but ideally we need to account for intraspecific variation in traits if we hope to predict extinction risk at regional scales. In a hierarchical framework we can begin to identify some traits that can be assigned as "mean state" values for species. We might, for example, be able to make coarse assessments at regional scales based on body size, relative dispersal ability, and possibly thermal tolerance (see Angermeier, 1995; Poff et al., 2006; Blanck and Lamouroux, 2007; Olden et al., 2007) .
More information on dispersal ability of species is sorely needed. This information can inform our understanding of how many and which species are currently dispersal-limited (as opposed to being limited by local environmental conditions or biotic interactions), thereby allowing us to know when it is appropriate to apply existing modeling approaches (e.g., bioclimatic models) or whether we need to explicitly include dispersal. Knowledge of dispersal limitation can also guide management across modern fragmented landscapes and inform the need for potential assisted dispersal (McLachlan et al., 2007; HoeghGuldberg et al., 2008; Olden et al., 2010) of freshwater species.
Finally, a very real-and easily overlooked-driver of future freshwater extinctions will be the human response to climate change. Global analyses of future "water stress" indicate that certain regions of the world are likely to suffer disproportionately in the future as expanding populations confront anticipated reductions in runoff from climate change (Palmer et al., 2008) . Freshwater ecosystems are already highly stressed (Dudgeon et al., 2006) and fragmented by water conveyance and storage infrastucture, and human management of this infrastructure is a key to future freshwater sustainability, including species persistence. Such changes may also promote the range expansion and impact of invasive species, thus further enhancing extinction risk (Rahel and Olden, 2008) . We should anticipate engineering responses to climate change or prevent the most destructive of these responses. Incorporating ecosystem needs for freshwater in water resources planning to enhance water quality and connectivity will augment system resilience, and this, combined with enhanced flexibility in management of water infrastructure, can reduce extinction risk, as can establishment of conservation reserves that aim to maintain habitat connectivity and natural variation in environmental processes (Poff, 2009; Strayer and Dudgeon, 2010; Poff and Richter, 2011) .
